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t6I*BW, ni-V*fb***i»fleJirticfc t . T 
[If **4] ±E*W«:»«tt, 8AS^Xfi(Dlil# 

20 

[ffjfcJSS] IW^3Si^^4 0v>-r^-~(c:|a^(D^ 

[000 1] 

[0002] 

*fia«*i«fi^Ad»fe, 1. 3/im^l. 5 5 Mm 

^^^^M (Ga InAsP) ^CDi£®Sgft 
Wfc<nmfctStlX^Z 0 Ga InAs 

tt*7±yh ( A E c ) 3ftS/hS<, 

rt^c^s^m/^/^ ^©fc«>, 40 

LlL^t^iiLT, (To) t 

V^ffiriSffl^btLT^Sas, GalnAsP^^ 

9, «^*S«ttfcKi:iii?)fc»^^fflfl[l 5 0KJ^ 

[0 0 0 3] r*U:i*fU ^^^--X- . 

4 K'7^^y^7 1 9 9 6^3 5#1 50 



2 7 3~£ Uan.J.Appl.Phys. Vol. 35<l99G)pp. 1273) It 

±tc, -t-iS^-i — ifwfi&ttJBic, ( N ) frfttfiir 
- v J&ft: ¥ m»tt&<n - fi x\h o */ y^A^f 

>is<>j*mmtttm (g a 1 n na s > &jih^ - ±t\ 

3 5 Ome V«±0#*|c**/jc AE c*«»P,ii, 1 5 

^^n/c 0 Ga InNAsli, £ Aflti£ (G 

a As) SfiilciHSftarWJEjfcJiarjgritTtStir^ 

A*€>, 7;l,^^i* (AlAs)/GaAs^ 

-X. ^-^-yu- K • V4*Jy9* • 

f*-X 2000**3 9*8 61 (Jan . j . Appl .Phy 
s.Vol.36(2000)pp.L86) »±T*tm&ffl^fc 1 . 3 „ 
m#fi»ffi|B*:a!¥W»U— -tPtc*5^T2 00K^5 

[0 0 0 4] 

[*W^««:LJ:5i-t"^g|JHI Ga I nNAs^(0 
t/^i(^}-o|t »i£ttO|6|±-e*>5 0 Ga UNA 

bK4ot«T^5, L^Lft^fe, Gain NA s 

/U . 2 0 0 0¥«2 0 9t3 4 5I (Journa 

1 of Crystal Growth 209 (2000)345) m±\Z£Z>t, 

tt, !e*<DIII~V#Wfl:T*)*Ga InAs^gL 
T*l4*fc;fc*V\, *-T\ 3 M m|}^f 
K (LD) *^«sjKfc*5V*Ttt, »r=-/P 

6 0nma«*3feft*^*jttft«cft5J:pJCGa In 

1 . 3iim^f,|^oi LOm*ftM<D#m3i V) 
{£T^^I#^-L, l>^Tfi^^^ hco_L#^^^cb 

[0 0 0 5] *«M0*10SWJi, i^it^cO^T-- 
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s tf 1 1 1 - v m it &4t* * m im * yt -r 6 -t • w » u - u-- & 

<c ¥Wf* u - II s 4' ill ^ fc *«« •> * 7- a £ ffifit-f & c £ 
[0 0 0 6] 

Xt*4tSiStt« i IS c *5 * 7 :/ KJB &*£ 
[0 0 0 7 ] ft*trfttfIII-v»ifb***W*JB*i, 

GaNAs, InNAs x A 1 NA s, GaNP, In 
NP, A1NP, GaNSb, InNSb, AINSb 

[0008] ±&mm&$mu-vm<t&to*mfrm 

&±&.&m **tfl 1 1 - V«{b****»B 5 C i: 
[0 0 0 9] LTfi, ^O^^tS 

[0 0 10] iE$20i^Mt5fc^C, 

[0 0 1 1 ] ±SE^*gRIR^^III-VK^«i^3»«5: 

m^^^x—^comm^n-o t p l ^^/u^ 

i§Ga I n NA s CO P L fcT— ? cOgx^yl/ 
{RlJ— <Oi/7 HI, GaInNAsg*0/<yK^t 

K^t7^v/7h(j;Ga InNAsi+Ol^fil 
i^£OT\ fc:##U RlRWUiHHF-IB 



fcK*</>ffiH (filial) tf>»fl:(wJ:or««il»l»«^i*j- 
/j:»*«IBA«aCftL, /<> K -\- -v y < jEWrf* 

tflliWIdfLS. — *T, Gh I ii A s 3$cOf/£3t€0)1 1 1 — V 

ii, 7 w v^/U • L/b"a-- u^-X 1 9 9 8*£^5 
7#57 4 4 2 51 (Phys .Rev .Let t . 57 , 4425(199 

8)) m±omt&nmxhmM&tix\,^z> 0 ^±<d^/>> 
Ii8«c3fts-e# <t 3 eta r t 

(as) j^-r-^^stciafiufc^, KidBift^^^ 

lia!), Ga I nNA s i: N«T*tf III - 

[0012] 

BlOflm fiJc^rSS^LTGaAs (10 
0) S^l 0l^l\ Gao.? I n 0.3 As 3 J^T-Jf 
1 0 2 £ G a 0.7 I no. 3 No.o< A s o.ge 1 Jj^jf 1 0 

^©WlC, Gao.7 I no. 3 No.oi A s 0.99 t f^COjffifiJc 
$rWi-5 0 roBIS:#Fji^ffli> % G a A s $:P$iijl t 

«O6 0nm^f)3 0nm$r«T'#, %? T 4 
-iifttCia^i-S 1 . 3^ m^-C<038ft;6^g£-e# 
[0 0 13] ^7c, giJ<z>«4rH2t*i- 0 r - "Cfi x S 
SHTGaAs (nil) BSg2 0UfflV^ (n 

m^mw&mffi^mm^mm 48I29 P -t-6^± 

il^ G a 0.7 I no. 3 A s 3 J^-^/l 2 0 2 t G a 0.7 
I no. 3 No. 04 As o.96 1 Jlp^JI 2 0 3 1 0 

«»HBJfiLfc»£\ la^tc^Lfccfc 9(-, fiR**-rfii(wAo 



* X . -e ii £ ^ iE /j: iz {i N J5fC -7- 7); &-F 5 f£i# £ ff 

&WA-f 6.l£^T-£S a **WM*r*li, Gci As 
(3 1 1) B&ffi£-JiH\ ^7^~/u^f -> 7f , ft 
»)60nmH20nmiT'i«t'^ H 1 CO 

[00 14] N*r*tfin-v»b***W(*W«Hc*5 

[0015] (xtfli) ::t?ii*iojBifla 

l-«it5Ga I nNAsi^Mil:ffi^/:iMi 

^com^(Di^m^n, tuts ttmmmw^ttftnmm 

WHt*WlT*5rt, GalnNAstC 

(MB E) &*w«K6 
•rt^fttlfiJc* (MOCVD) fb^f— A^f^ 

(cbe) fe^5®LT^-5o iiu mmommfc 

T?ttJ*ft;fr*£r#;*y — *MBE (GS^MBE) 
Lfc, GS-MBESTO, III«7G*©{MMK£ L 
T, Ga, In^fflK V»7C*<0ifc»W£ LT, As 
f-BBLTttA s Ha^JBl^fc. ^fc, ni»i:LT 
v-y^ (Si), p3ftFMb& LTDJMUMX (CB 
ta) SrffiV>fc 0 pS^Mfttlt^yy^A 
(Be) ^SrJfl^-Cfc^o NKo^TfiN2;tf;*«:R 

^7Xv«|t WICECR (Electron Cycrot 
ron Resonance : W=f-*fr<i t u h n V^fcift) X-^£ 

[0 0 16]ft8t5***S«linlGaAs (10 
0) SK3 0 2 (nafflWt=2X10«cm-J) 

SrlM&LfcSU ItenlAlAs/GaAs ( n ffl 
^tt»»ft= 1 X 1 0" cm-3) JCj:5TfflJ*«fr*JB 

l/4Kff(On K-yGaAsfSOe ( n S^ 
W^lXlO'Bcm- 3 ) , l/4KWOn K- 
^A 1 A s Tffi«3fc»3BJl 3 1 3 ( n £^*fifeat£ = 1 
X10«cm- 3 ) «rfiK*i-«. Se>Ul, /y^Ga 
A s TASKSJI 3 0 7 *Bf&1rZ> 0 
[00 17]»^ ^K-yGao.7 I no.3 As 5 
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3ISWB :H6^> K-/G 1. 0 7 I no 3 Now A s 
0% 1 JK?«3 1 7frSf£Cc 1 0«J«»iK+6. £tt 
COMSflUitfj 1 0 n mT'#>5. $ 61:, / > K-^G a A 

a AiTHRU30 7 t ^K-yGau.i ! no.3 A 
s 3WI3 16, y>K~^Gao.7 I no.3 Noo. 
A s 0.96 1 fir^g 3 17, / > K-ZG a A s ±gfl|i$ 

M3 0 8*>4ttMl;MiMt**£U yy^G 

ao? 1 no.3 As 3 JjR^JI 3 1 6 > K— T^G a 
0 ? 1 no 3 No w Aso.sc 1 flC-ftl 3 1 7;^ft<b<D 

[0 0 1 8]|R^r, l/48MWpK-^AlAs 
±fli^I^l3 1 2 (p&7NMf» lxio^c 
m 3 ) % l/4»W©p hWGa As|3 1 0 (p 
S*tt4MWt= 1 x 1 0 c m 3 ) <DmizMf&-rz> 0 * 

A s H3MTWA s #HftCT\ 6 0 0 ) 

h«r3 0nma*IC»{ft|-C#fc o i*7^-;Hi 
te, y > K-^G a A s ±&mmm 3 0 8 ^j5gB*fC«« 

[00 19l:^3iaT^l^f:K;, si0 2 

:^7^iar, TaJo#«Ks*t«3 0 3«o±» 

Tf*. HB r : H 2 Oz : Hz OSrS* Lfc«*ffl^5 0 
iBft»{fc«rJIM-. n K-^A 1 A s TAmse$fe*M 3 1 

3 5:u? P k-^a i a s±mmmmmm3 1 211, rco 

ftWWAl»O y |feli3l4W3 1 
5(: ^t§ e *<0» % SiO 2 ^li3 0 4, zK y 

/Si^-r^-^S/^^^&fCj;^, P |GaAs3l0l 

' 0 0 2 0]»^ P lGaAs3 10J:a(7)SiO 
i^^t**LT, !/^ttp«lti3 0 9, n«g 

@m^3 0 1 Sr^tSo fttics i 02/T i 02^6, 

±6l5Kli^#SlK^#t«£3 1 l*a&*U ®fig± 

t»*lt, lfat^n e - -r% s io 2 / 

TiOzoBtwi, Wfh**#t-ci/4»Mi: 

8t**«ixS n K-^A 1 A s TfflS«SHfcs9Ji 3 1 3^U? 
P K-^A 1 A s _b»«itt%59Jl 3 1 2 



7 



(5) 



VfWW 2 0 0 2 -9418 

8 



10 0 2 l] ^WT-^Kfiii, 3t7r 4 '<-iffi{r?;-C/7ii^ 

^ y<mn>^y-^^ytmt l-cmw^o lasic-tco-w 

ft* i?=L— ^5 0 5(1, WU-t'50U 
#^ftU-ifcOl?!Sfj[H]^5 0 2&tf£**^-5 0 3 ^ 
#**w«»lsl» 5 0 4/n<b«fifc£ix5o 
5 0 5(t WI»HIK5 0 6 ic J: or ifftrHUPSKi, 

0 7-?t6«Six, ftifi«£fT3o *3llfeCTflStt(7)*^«: 10 
:^ij(t:u-f5 0 1 <t Ltffl^fc. 

[0022] (n»0»j2) k 2 cr>mmm t It, S^IC 

GaAs (nil) BXC«rfflV^NIjB%%S!¥W(*:U 
— 1fO««r^-f (nliiEOfi*) o El4l**:tD»rflBlg|-C 

t% nisi7c*-cfc5#y ?a (Ga) , -f^^ 
(in) ro«ft«^LT, *jx«Mr«te**> h 

/UtfD^A (TEG) , h U **}-Jl"<>WJ* (TM 
I) VjK7c*T*>SJtt* (As) co&jfeMt L 

ts AsH3^rfflV>fc 0 £tc, nlMat*>7y 20 
(SiH 4 ) , pi5F«ftHT^f;^y^ (DE 

Zn) Srffl^fco NWMI^ltll K7 

(DMHy) *r«[fflLfc. 
[0 0 2 3] f^jRi-S^igflcSSfinSGa A s (3 1 
1) Bfi« (nffl*«»*«=l X 1 0" cm - 3 ) 40 
2£ffl^5 0 A s s #i^lC*)V^Ti^ 

^#IL, ftWC f$l. S/imWnK^GaAs 

^ZZTUfyvVm (niWK=3xio 18 c 

^-f , J?!£ 1 0 n mC7)y > K~^T^|5G a 0.9 I no.i A 30 
s*^Kl4 0 4$:Mt5o iRv*T, yyK-T'G 
a 0.7 In 0.3 As 3gT-l4 0 5 ^yyK-/Ga 

0.7 I no. 3 No. 04 As 0.96 1^14 O 6 ^^Sil 1 

(C x 1^10 nm(D/y K^Gao.9 I no.i A s _h«S 

«^T, piGaAsi^7-;Kl (pSPF*$#) 
= 7X10 17 cm 3 ) 410 (O— «Sr^ L/c D -t 

i02V^^ (tl^Sjum) *Cj:f9«ttJiT«R*"C^1^ <o 

[0 0 2 4] Si 02^*^ *rl**L*:«, MMOC 
VDKBrtkI»AU pK^GaAsI^Mil 

(pMW«=7X10 17 cm- 3 ) 4 0 8, n K— 
^GaAsl^l2 (pMM=7X10 17 
cm 3 ) 4 0 9, p K-/GaAs±^^7-> Kl^ii 
^Jf3 (pI»||=7Xl0 17 cm- 3 ) 410(7) 

/nitt, s*5i^H^«F^stKfaa £ 7 0 oner 



p K-'/G u A s ^ vm ( p 

Wto\&)& = 5 x l 0 19 c in 3 ) 4 1 1 (/m^rti&LtZo 
[0 0 2 5] -W^x^-^MOCVO^I/j^bUx^il 

Lfct*L pSimMi4 1 2&Br&Lti 0 mmmx.mtks 

Affile nS!«ffimtfi4 0 l &Bf&L. $<b(c«B8XfI& 
ttfc», ^T-&6 0 0 /i mWffltoii^SBu— !f*^-*r» 

tWl6mATliaa^L7c e *«WW»*ICJ: 
1. 3 /i mffilC;fcSV*T«lgLfco 

[0 0 2 6 ] ^S^OKgl*. ft:??--* '<—ffl«T'ffl^ 

#Jl il^l«JC|g5<D^«flEU- if 5 0 1 £ Ltfffll, 
Staffs* ^ L-Cfflt^o 
[0 0 2 7 ] 

[38^0$)^:] *3691fc:J:*U*, Ga I nNAs^COII 

[ia®o|B5*^^] 

[@ 1 ] *38W0>G a I n N A s IMOf-^^^ 
[12] *^WGa I nNAsBMoSrofl^ 
[B3] *!8WO*lO||»0iJoffi«3t^**u--1f 
[El 4] #98n^fR2 0XlfeM0«S«%9¥«ft:^- 

[H5i *mw<D%mfe *s**tj*<o— m^irm^Mo 



101- 


•GaAs (100) StR 


10 2- 


"Gao.7 I no. 3 As 31^^-g 


10 3- 


-Gao.7 I no. 3 N0.04 A s o.96 


2 0 1- 


•GaAs (nil) B^tk 


2 0 2' 


•Gao.7 I no. 3 As 3 J^^FiP 


2 0 3- 


••Gao.7 I no. 3 No. 04 A s o.96 


3 0 1- 




3 0 2- 


•n^Ga As (1 0 0) S4K 


3 0 3- 




3 0 4- 


• s i oz^sa 


3 0 5- 


• ^y S K 


3 0 6- 


• n K— >^G a A s ® 


3 0 7- 


• / > K-^G a A s TSBWISJB 


3 0 8- 


• V > K-^G a A s ±«JW §SJi 


3 0 9- 




3 10- 


• p K— ~7G a A s jf 
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3 11- 


■ * ± R5tt it # ^mmK $m 


3 12 


" P K— 7" A I A s ±£tf?£tfc#^/§ 


3 13- 


■• n k-^a i a s raimflm^jg 


3 14- 


"A I K Oy^i 


r -l 1 c: 
o 1 O ' 


■A 1 x O y «5$iJf 


3 16* 


"J > K— ~?G ao.7 1 no.3 As 3J5^Jf 


3 17* 


•y>K— /Gao? I no 3 No 04 Aso.% 1 






4 0 1- 




4 0 2 


n^G a A s (311) Bli 


4 03- 




4 0 4 


y > K-^TBGao.i I no i A s JtiJj KJI 


405- 


J > K— a 0.7 I no.3 As 3/jfl^Pji 


4 0 6- 


V>hWGao.7 I no.3 Nc.04 A s 0.9s 1 
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4 0 7-y > K-T'G iio.g I no 1 As ±g|i)t^-f KJg 

4 O 8 - p h'—SG a A s *i!A6iA^Ji 1 

4 0 9- n K-rG a A s J3id6iA^/i 2 

4 1 0-p K-^Ga A s±^^7^ KJffi*!>&*S3 

4 1 1 p K-^G aAs^>*^h/i 

4 1 2-pSS<i 

5 0 1 -^U-f 

5 0 2, 5 0 4 - -§gUj[n]gg 
10 5 0 3-«I^ 
5 0 5 • •jt^e^^-— 
5 0 6-"M*PlBlK 
5 0 7- -3t77^^- 




[0 3] 
@ 3 



If-* 




302-n£GaAs(100}g& 
305~#y <SK 306-n K-^GaAs B 

308— y > K— ZTQate ±_m&H]B 

309— V>^p«IS« 310-p K-^GaAsffl 

312- p K-:/AJA* ±.®1&t&*m 

313- n K-^AJAfiT©«*»s(rJI 
314, 315- -AbOyl&ajf 

31 6— J •> K— ^QaOTlnO SAs 3ffl^B 

31 7- • y > K - :/Gao.7lno.3Nao*Aeo.as 1 J§^-Jf 



[B4] 
m A 



404 407 




401-n5mffiTO 402-nSGaA*(311)B*(S 
7 y KB 

404- y > K-^TfflaaaainaiAs 3fc#-f KB 

405- y>K-yGa0.7lnasAs 3®^S 

406- y>K-rQa07lna3Nao4Aso.96 HS^B 

407- J > K— ^Gao Qlna 1 As _h&#39 < KB 
40a- p K-^GaAa iIA&*s 1 

409- n K-^GaAs JS»ii*Ji2 

41 0- p K-:A3aAs±&?^ Kil»a*ff3 

411- p K-^GaM hB 412-pfiB« 
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S01~«MM*U-1f 502. 504 -tt«tS]ffi 503- SW£||^ 505-3C^xi-;U 
606-«MBtt S07-5fc^y</<- 



F* — 5F073 AA22 AA45 AA65 AB17 BA01 

CA07 CB02 DA25 EA29 
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